The experiments described here continue a series reported in this Journal earlier. A number of objective tests are described, directed towards the general problem concerning the faculty we possess of perceiving only one acoustic world under normal conditions (in spite of having two ears) and yet, if our ears be stimulated by different signals, artificially, we can attend to one or the other of them. The tests have been made with continuous speech (readings from light fiction) and the results assessed statistically. The first tests aim at measuring the reaction time r required to "switch the attention" from one ear to the other, as assessed by perception of the words of the message. A second set of tests show that we perceive only one speaker, as a "gestalt," when the ears are stimulated by similar messages but with a delay between them exceeding 20 times that ever experienced in real life by virtue of binaural directivity.
• E. Colin Cherry, J. Acoust. Soc. Am. 25, 975 (1953) . relation of such test conditions to those experienced in real life are here regarded as of secondary importance.
The reader is referred to this earlier paper for further experimental conditions. The work described here forms a continuation of these earlier tests, especially of those tests in which di•erent messages are fed to the two ears (same speaker, two tape recordings). The present object is to explore two problems' (a) How to measure the average delay time r in recognizing continuous speech messagesinto the extent of being able to repeat the words.
(b) To observe what factors in spoken messages control our ability to "attend to" one ear only (i.e., how "close" can the two messages be made, and in what aspects, before a "gestalt" operates, making them into one field of speech?).
Again, our earlier tests had illustrated the different levels at which aural recognition can take place. For example, under certain conditions a subject can recognize only the existence of "human speech" as opposed to other types of continuous noise; in other conditions he recognizes this speech as being, say, English or French, male or female, but nothing more. Such might be called "statistical recognition." Under different conditions he can recognize words, in connected chains, but may be unaware of the semantic content of the messages (and it is at this level that our experiments have been directed). Finally, full recognition involves interpretation and response actions, such as the carrying out of instructions or orders. "Recognition" is then not one simple thing, but is a multilayered phenomenon.
II. SWITCHING OF A MESSAGE FROM ONE EAR TO ANOTHER
Our earlier experiments had suggested that a finite delay elapses for the attention to "catch onto" one ear or the other, when stimulated differently--a kind of mental time constant r. It was suggested that the average value of r might be assessed by periodic switching of the message from one ear to the other; then, at low rates of switching, the attention also must be alternated between the ears, but lagging in phase. At a certain rate, one might expect the acoustic switching and the mental switching to become out of phase, so that no recognition takes place. This was found to be the case, but with the significant complication that the syllabic rate of speaking affects the results.
In the first experiments a continuous reading from contemporary light literature was recorded on magnetic tape; a single speaker was used throughout, and his words/minute were observed and recorded.• This message was applied to one ear or the other of a subject, through headphones, being switched electronically at periods which could be varied between 10 seconds and 0.! millisecond. Thus each ear received sound and silence alterr/ately, with 50 percent on-off ratio; the switching was periodic and in no way dependent upon the speech syllabic periods. The subject was instructed to repeat the words as he heard them and a count was made of the percentage correct.õ All questions as to his method of executing this task, whether he "guesses" or not, are here regarded as subjective and irrelevant to our present object; so also was the question as to whether he understood the "sense" of the text. All subjects were within the age group 25-40 and of similar educational background (University). Test runs of !20 consecutive words were used for assessing the results, but the first 20 words were ignored, being regarded only as a means of getting the subject over his initial difficulties and starting him on to steady conditions of behavior.
With a given subject, a series of tests was made, :1: It was thought that prior familiarity with the text might influence a subject's behavior. All subjects were questioned on this point, but it was found to exert no noticeable effect on his responses.
õ As a matter of interest, all subjects thought it was easier to store up a few words or phrases and repeat them quickly, before proceeding to store up the next, rather than speak continuously. All the curves taken under such conditions showed the sharp dipping towards a very low word-identification score, at a switching (complete cycle) period between 0.3 and 0.2 sec, approximately, depending upon the subject. When a test was set at such a point, the subject would be observed to be making syllabic "mutterings," with only an occassional word correct. The second dip, which is seen to occur at about !500-cps switching frequency is due to a purely physical cause' the severe distortion of the speech sound spectra at 
III. EFFECT OF SYLLABIC RATE OF SPEAKING UPON lIECOGNITION
The faculties of speech and hearing normally develop together within one individual. When we speak we hear and may monitor the syllabic flow of sound. Is it unreasonable to assume that the rate of production of syllables, by any one speaker, is set not only by anatomical dynamics, but by this monitoring process also, at least as regards his normal maximum rate of speaking? Perhaps, then, the syllabic rate of speaking and the rate of recognition are interdependent to some extent.
Although not intended as a direct test of such an hypothesis, the following experiment was suggested by it; this is to repeat the earlier tests but using recordings Fig. 7 corresponds to the curve of Fig. 2 ; that in Fig. 8 corresponds to the curve of Fig. 3) . At 36 words/minute the subject is able to repeat substantially the whole of the text; the dip virtually vanishes.
At normal rates of speaking (here 138 words/minute or, roughly, 6 syllables/sec) the sharp dip (e.g., Fig. 7 The curve 100(1--2f/6) is plotted as a dotted line on Fig. 4 ; it may be seen to correspond quite closely to the experimental curve (and those others, such as Figs. 1-3) on the L.tt. flank. Such a theoretical curve, of course, takes no account of the syllabic structure of speech; it may be regarded as a limiting curve, towards which the others tend asymptotically as the syllabic periods go to zero.
As we have already remarked, the R.H. flanks of such curves correspond to a different mental process on behalf of the subjects. Here, the switching rates have become so fast that the attention cannot "transfer between the ears" in synchronism; the subject rather listens to one ear, but the syllabic rates are such that he is able to obtain a number of samples of each syllable, thereby ensuring an increased perception (and articulation) score. The dead-time r is then assumed to be ineffective over the R.H. flanks, and a different hypothesis is required to account for this part of the perception (articulation) score curve. It will be assumed that this score increases as the number of samples of each syllable, reaching the one ear, increases. On an average, let d be the syllabic duration. Then at switching rate f, this number of samples is fd. From previous considerations, we have seen that the perception score approaches zero percent when fd--•-l. In this case, the simplest function representing the perception score will be 100(1-1/fd). This has also been plotted in Fig. 4 , as a dotted line (taking 1/d=5.98), and resembles the R.H. flank of the experimental curve, in an approximate manner, but of course takes no account of the subsidiary dip due to the speech spectrum interference by the high-speed square-wave modulation effect of switching.
V. EFFECT OF LESS-ABRUPT REVERSALS BETWEEN THE EARS
It was thought that the abrupt switching of speech signals from one ear to another might produce serious noise, by virtue of the square-wave modulation it produces upon the signal reaching each ear. Simple Fourier calculations showed however, that the energy spectra of the speech signals are not appreciably affected at switching rates up to and well beyond the critical region of 1-10 cycles/sec. A further experimental check was devised. This consisted of fading out the signal at one ear while fading in that at the other ear; exponential modulation envelopes were produced, such that the total speech energy (reaching both ears) remained constant. Now there is always some signal reaching both ears, but the ratio of the two signals swings up and down exponentially, rather than abruptly as before. The results with one subject, using two different exponential time constants, are shown in Fig. 9 ; comparing this curve with that of Fig. 3 (same subject) shows a similarity, though the dip appears to have risen slightly along the switching-frequency axis J (this frequency for this particular subject was rather higher than average). The exponential time constants of this switching were made very short (<5 msec) so that only the initial part of each half-cycle was affected; then the "unstimulated" ear, during each half-cycle of switching, received energy very far below the threshold of hearing, except perhaps during the first few milliseconds. The slight increase in r may not be very significant, but it suggests a further experiment, which has not yet been carried out. This would be to present to the "rejected" ear, during each switching half-cycle, not complete silence but a low-level signal having a fraction k of the power of that reaching the opposite ear. It might be of interest to see how r changes with k; that is, to see how our reaction times in switching attention from one ear to the other depend upon the extent to which the attention is "primed" in advance.
VI. ON THE FACULTY
OF LISTENING WITH ONE EAR
OR WITH BOTH
As stated earlier, our experiments described here form part of a series, some having been reported earlier, • all directed towards that general problem: how is it we are able to listen with one ear (when the two are stimulated with different signals) or with both (when stimulated similarly), at will? How close do the two stimuli need to be before we correlate them mentally into a "gestalt"? In our earlier paper, some experiments were described in which two unrelated messages were fed to the two ears of a subject, who was required to ---0-• I00 t 0 -0--- repeat one, concurrently with hearing it; then we have shown that he is unaware of any single word of the message reaching the "rejected" ear--only statistical properties of it are perceived. Secondly, the two messages were made the same, but with a long time delay between them; this time delay was steadily reduced until the subject was aware of the similarities of the messages, at a delay between 6--•2 seconds, roughly. It then appears that there is a memory of this duration which is operative under such conditions; that is, a word or phrase is memorized at one ear and identified later at the other.
Continuing such tests, these earlier results were confirmed by further trials and, subsequently, the behavior of a subject was observed while the delay between the identical messages reaching his two ears was steadily reduced to zero. We wish to report one result of particular interest.
Continuously spoken, tape-recorded readings from light fiction were applied to the two ears of a subject.
The only difference between the two signals was a time delay T, which could be varied from zero up to 50 msec. Naturally, such conditions set up some, though not all, of the subjective effects of binaural directivity. a The subject was instructed to say whether the "speaker" appeared to be to his right-or left-hand side (i.e., a logical decision RH/LH). The subjective effect of the speaker's appearing to move to the right-or left-hand of the listening subject can be produced either by changing the delay between the aural signals, or by changing their relative amplitudes. Over a wide range the effects are indistinguishable. But in our tests the aural signals were set to have equal powers and only the delay was varied. The delay T was changed successively to random values and the results recorded as a probability distribution. Figure 10 The surprising thing about such distributions is their widths. In normal, everyday binaural hearing, the greatest delay we can experience between our ears corresponds to occasions when the sound source is to our extreme right or left hand. In such cases the delay is no greater than «-1 msec; how then have we learned to correlate the stimuli of our two ears, when the delay is as great as 15 msec so as to perceive a "gestalt"? If the delay T was increased beyond this there would come a value such that the subject would be unable to give a logical decision R.H. or L.H.; he would protest that he heard not one person speaking, but two. The delay is quite critical, with any one subject; at one moment he hears a speaker apparently standing to one side of him, the next moment the sound image "tears apart" into two.** Figure 10 
